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Subdivision of urban/industrial source
The additional information on urban/industrial (URB) sources that can be gained by displaying the enhancements in trace gases other than NO 2 is introduced in the manuscript (Sect. 4.2). In Fig. 8 , the results of this analysis were shown for summer [2007] [2008] [2009] [2010] [2011] ; here we present all four seasons. Figure S1 . Trace gas composition for grid boxes with URB source type. Data are from (top to bottom): December-February, March-May, June-August, and September-November 2007-2011. The presence of enhanced trace gas columns (in addition to NO 2 ) is indicated by 1, 2, or 4 for HCHO, SO 2 , and CO, respectively: 1 thus indicates enhanced NO 2 and HCHO, 2 enhanced NO 2 and SO 2 , 3 enhanced NO 2 and HCHO and SO 2 , etc. Gray areas are not dominated by URB. Note that the third panel from the top is identical to Fig. 8 in the manuscript.
Sensitivity studies

Cloud fraction
To investigate the dependence of GACA results to cloud cover, the algorithm was run with monthly mean trace gas data to which different cloud filters had been applied: effective cloud fraction (CF) up to 5%, 20%, 40%, and 100% were tested, as well as CF>40%. The cloud filter was only applied to the short-lived trace gases NO 2 , HCHO, and SO 2 , and to UVAI. There is a clear shift to more neutral aerosols at the cost of non-absorbing aerosols with increasing CF, which is due to the influence of clouds on UVAI. In addition, for the strictest CF criterion (upper plot), much of the large absorbing particles over the equatorial Atlantic Ocean are lost. This is attributed to mis-classification of desert dust by CF algorithm, FRESCO. The source type maps are hardly influenced by changes in cloud filter settings; in the upper panel (CF<5%) the plume of desert dust over ocean is lost (see above) and in the lowermost panel the strong decrease in SNA aerosols leads to the disappearance of BIO. Otherwise, the patterns remain unchanged. Figure S3 . Global aerosol source distribution according to GACA-source for different cloud filter settings. Data are from June-August 2007-2011; the second panel from the top is identical to the third panel of Fig. 6 in the manuscript.
Outliers
In the standard GACA set-up, outliers are discarded prior to analysis. If this step is removed from the algorithm, the resulting source maps are very similar to those from the standard run (compare Fig. S4 with Fig. 6 in the manuscript). The most apparent changes are the appearance of several VOG plumes in the spring and summer maps and the BB signal from the exceptional fire season that occurred in the summer of 2010 in Russia. In South America more grid boxes are assigned to BB in summer and fall. Figure S4 . Global aerosol source distribution according to GACA-source without outlier removal. Data are from June-August 2007-2011.
Regional studies -data
The following tables contain all data shown in Figs. 10-12 in the manuscript. Table S1a . AOD assigned to each aerosol type and source by GACA (abbreviations explained in Table 1 Table S2b . AOD assigned to each aerosol component by MACC(abbreviations explained in Table 1 Table S3a . AOD assigned to each aerosol type and source by GACA (abbreviations explained in Table 1 Season Year  SNA  SN  SA  MNA MN  MA  LNA  LN  LA  total 
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